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摘要 
近些年锂离子电池由于具有能量比高、质量轻、额定电压高、自放电率低等
优点而被学术界和产业界广泛研究和应用，人们的生活和锂离子电池的关系越来
越紧密。在锂离子电池中负极材料占有重要的地位，目前商业化负极材料大多数
为碳基材料，它们具有较高的比容量、较低的电极电势、高的循环效率、良好的
安全性能。随着人们对电池要求的提高，现有商业化材料已满足不了人们的需求。
硅基材料由于具有很高的比容量（理论比容量在 4200 mAh/g 左右）等优点，因
此作为锂离子电池负极材料被人们广泛的研究。但是由于材料的导电性差以及在
循环的过程中材料本身体积膨胀效应（大于 300%）导致粉化问题使得材料的循
环性能差，商业化进程受到阻碍。基于以上的缺点本论文主要通过硅原材料纳米
化后与碳材料复合来改变硅的电化学性能，具体的研究内容有以下几点： 
（1）使用球磨的方法制备纳米硅，通过对不同时间、不同转速、不同溶剂、不
同大小球磨珠和不同原材料等条件实验的优化，得到制备颗粒均一的纳米硅的最
优条件。球磨硅电化学性能相比原材料硅有了提升。 
（2）使用不同的方法制备球磨硅/碳纳米管/碳复合材料并研究其电化学性能。使
用球磨硅（BmSi）、碳纳米管（MWCNTs）、聚乙二醇（PEG）、葡萄糖（Glc）
等为原材料通过球磨和喷雾干燥的方法制备出复合材料，通过 SEM、Mapping
和 BET 的表征手段可得出该材料是以碳纳米管为骨架的有孔球状复合材料。碳
纳米管骨架有效的缓解了硅的体积效应并提升了材料的导电性能，因此该材料体
现出较好的电化学性能（循环性能和倍率性能）。 
本论文无论在制备纳米硅颗粒还是制备复合材料，方法简单、成本低廉，适
合大批量制备。为硅基材料的商业化提供借鉴。 
 
关键词：锂离子电池；负极材料；硅；硅/碳复合材料 
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Abstract 
In recent years, lithium-ion batteries (LIBs) have been researched and applied 
widely by academia and industry because of the advantages of high energy, light 
weight, high voltage, low self-discharge rate, etc., which arrows the relationship of 
people's life and LIBs. As one of the most important factors that determine the 
performances of commercial LIBs, the anode materials are mostly carbon-based 
materials currently, which have higher specific capacity, lower electrode potential, 
higher cycle efficiency and batter safety performance. However, with the increasing 
requirements of LIBs, carbon-based materials have been unable to satisfy people's 
demands. Silicon-based materials are favored because of their high specific capacity 
(theoretical specific capacity about 4200 mAh/g). But the poor electrical conductivity, 
huge expansion effect (greater than 300%) and the problem of pulverization cause the 
poor cycle stability of the silicon-based materials. Based on the above shortcomings, 
the commercial application of silicon materials is hampered. This thesis is intended to 
improve the electrochemical properties and achieve the commercialization of silicon 
materials mainly through preparing nano-silicon materials and combined with the 
carbon materials. Accordingly, the following several aspects were mainly studied:  
(1) The nano-silicon was prepared by ball milling. The optimal conditions for the 
preparation of uniform nano-silicon were obtained by optimizing the conditions such 
as time, speed, solvents, sizes of ball-beads and raw materials. The chemical 
properties of BmSi are improved compared to the raw materials.  
(2) BmSi/MWCNTs/C composites were prepared as anode material that used 
different methods and improved performance was obtained. The composites were 
prepared through ball milling and spray drying with BmSi, carbon nanotubes 
(MWCNTs), polyethylene glycol (PEG) and glucose (Glc) as raw materials. 
Characterized by SEM, Mapping and BET, it can be concluded that the materials are 
porous spherical composites with MWCNTs as the skeleton. The MWCNTs skeleton 
can form a conductive network to improve the conductivity of the materials and the 
porous structure provides sufficient space for the volume expansion of silicon, which 
are beneficial to improve the electrochemical performance. When applied as the 
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anode materials of LIBs, the composite materials exhibit excellent cycle stability and 
superior rate performance. 
In this thesis, the preparation methods of whether the nano-silicon or the 
composite materials are simple, low-cost and suitable for high-volume production, 
which promotes to the application and commercialization of silicon-based materials in 
LIBs.  
 
KeyWords: lithium ion battery; anode materials; silicon; silicon/carbon composites 
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第一章 绪论 
1.1 引言 
随着全球经济的发展，环境问题日趋严重，已成为目前人类社会急需解决的
问题之一。为了改善和控制环境问题，世界各国均已做出了相应的有效措施。其
中发展清洁、可再生能源替代化石能源[1]，是改善和控制环境问题的有效措施之
一。清洁、可再生能源包括风能、太阳能、潮汐能、水力发电能等，但这些能源
都具有一定的地域性和时效性。为了更好的利用它们，需要发展先进的储能体系。
储能体系包含锂离子电池、超级电容器、铅酸电池等。相比其他的储能体系，锂
离子电池由于工作电压高、比容量高和低污染等优点。从 1991 年由 sony 公司商
业化后，广泛的应用于电子设备中。随着社会的快速发展和人们的迫切需求，锂
离子电池逐步应用于纯电动汽车或混合式电动汽车等领域[2]，但常规锂离子电池
已不能满足这些领域的需求，因此发展高能量和高功率电池已迫在眉睫，寻求高
能量密度的电池正负材料已刻不容缓。 
1.2 锂离子电池的发展历史、工作原理和特点 
现知所有的元素中，锂元素是第三轻的元素。锂具有较低的还原电位，相对
于氢标准电极电位，其还原电位为-3.04 V，锂金属作为锂离子电池负极材料表现
出较高的放电比容量。但该种电池在充放电过程中尤其是大倍率充放电过程中，
会形成锂枝晶造成电池内部短路，引发燃烧、爆炸等安全问题。科学家们经过大
量的探索研究，发现了石墨材料也可作为锂离子电池负极材料。石墨负极材料相
比与锂金属减少了锂枝晶造成的安全问题，随着石墨材料的商业化，直接推动了
锂离子电池的商业化。自 1991 年钴酸锂/石墨锂离子电池商业化至今，锂离子电
池及相关材料也一直在不断的发展
[3-6]
。 
在锂离子电池中，负极材料和正极材料分别涂覆于不同的集流体上，电解液
中锂离子在正负极之间迁移，隔膜的功能是将正负极隔开，使两极不直接接触从
而避免电池短路的造成。锂离子电池正极材料一般采用过渡金属氧化物、过渡金
厦
门
大
学
博
硕
士
论
文
摘
要
库
Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
